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SCMM4RY

Free-spinning-tunnel tests have been p.erfonuai with a tie~ of
a typical fighter-type airplane to detezmine the effect of @o sweep-
Wck on the spin end recovery characteristics. The spin and
recovery characteristics of the model for both a swept-wing and an
unswept-wing configuration were obtained for a range of typical-
fighter loading conditions and for two tail designs. The invest@a-
tion included tests of two wing-tip shapes on the swept-back wing.

.-

The results of the tests indicated that for the model with a
tail design considered unsatisfactory as reins spin recovery,
sweeping the wings back kOO improved the recove~ characteristics
appreciably. With a revised tail design considered satisfactory
as regards s~in recovery for the unswept wing, sweeping the wings
back kO” had little effect. The recovery characteristics of the
model with the swept-back wing were essentially the same for either
of the two wing-tip ehages tested.

INTRODUCTION

Because of the genersl interest in swept-back wings for hi@-
speed aircraft en investigation has been conducted in the
Langley 2Q-foot free-spinning tunnel to determfne the effects on
the spin end recov&y characteristics of sweeping the wings back

40° on a&-scale mcdel of a typical fi~*r-type airplane. me

model used for the investigation had ken previously tested with
unswept wings in the Langley X)-foot free-spinning tunnel, snd poor
recovery characteristics for the original tail configuration were
indtcated. Satisfactory recovery characteristics were obtained,



2 NhCA ‘2?NNo. 1256

however, for a revised tall ccmfiguration (horizontal.tail raised
12.5 incheu and moved forward 20 inches, full-scale values]. In
the present tests both the original and the revised tail configura-
tions were investigated over a wide range of mass distribution for
both the swept end the unswept wing. Two wiruptip shapes were
investigated on the swept-back wing.

m

Ix, Iy, ~

a

SYMBOIS

wing span, feet

wing axea, squme foe%

mean aerodynamic chord.,feet

ratio o~distance of center of’gravity rearward of.
leadlng ed~e of mean aero@mM. c chord to r.ean
aerodynamic chord

ratio of vertical distance between center of gravl~y
and fuselage reference line to mean aerodynamic
chord.(positive when center of gravity is below
fuselage reference line)

mass of airplane, slugs

moments of inertia about X-, Y-, and Z-axes (body),
respectively, slug-feet2

inertia

inertia

inertia

yawing-mcment pemmueter
.-

rolling-moment pamneter

pitching-moment paremetor

air density, dug per cubic foot.

()
airplane relative-demsi~ coefficient &

pSb
an@e betWGOn fuselage reference line end vertical

(fi.PprOXiYIELtk?lyequti to &ibSQIU’b3Vd.ue oI?SZ@e OF
attack at plane of symmetry), degrees

4

.
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$ angle between spsn axis and horizonw~ aw=s

3

T fti~-scd-e true rate of descent, f-~ P= second

n full-scale angular velocity about spin -is,
revolutions per second

u helix sngle, engle between fl?.ghtpath end verticelz
de~eeg (For the present tests, the aver%e absolute
value of the helix angle was approx. 2.50.)

APPARATUS ANDlmmom

Model

The ~-scale model used in the present spin tests was bfia%ed
with lead%eigbts to represent “at@cal fi@ter-type aiiphne at
an altitude of 15,000 feet (p = 0.001496 slug P= cubic fo~t)c A
three-view drawingof themodelwithth e original tail tnstslled,
which shows the O swept-back and &-O”swept-back -S r@ed fn tie ---
tests, as well as the respect~ve locations of the wings on the
fuselage, is shown In figure 1. The plen forms of’the two wing-
tip shapes tested on the 40° swept-back wing are indicated in
figure 1.

When the wings were swept back 40° from %heir original unswept
configuration, each wing was pfvoted about the 50-percent point of
the root chord. The dihedral and incidence were kqpt constant. The
overlapping area rearward of the pivot point was cut awsj, yhereas
area forward of the pivot point wee added by extending the leading
edges until they intersected the fuselage. The total wing area was
thus kept constant. The swept-back wings were moved forward on the
fuselage S6 that the 30-percent point of the mean aer~emic chord
was at the same longitudinal position on the fuselage as was the
30-percent point of the mean aerodynamic chord of the unswept wings.

Photographs of the model with the 0° swept-back wing end with
the b“ swept-baok ~ exw shorn in figuzze2. The model with the
b“ swept-%ack wing is shown spinning in the Langley ZWfoot free-
spirming tunnel in figure 3. A sketch ehotig the.two tail con-
figurations tested on the model is shown in fiWe 40 —

A remote-control mechanism wasfnstalled in the model to
actuate the rudder for recovery tests. S~ficient hinge moments
were applied to the rudder to move it fully and rapidly to the

‘ desired positions.

-.



Wind.Tunnel snd Testing Technique

NACA TN NO. 1256

The tests were perfcmiettin the @ngl.ey ~-f’oot free-spinning
tunnel, the operation of which is, in general, efmilar to that
described in reference 1 for the Langley 15-foot free-spinning
tunnel except that the model-launching technique hau been chmged.
With the controls set h the desii-ed position, the model is
launched by hand with spinnins rotaticn Into the vertically rlt3ing
air stream. After a number of turrm ~n the established spin, the
recovery attempt is made by moving one or more controls by means
of tho remote-controlmechanism. After recovery, the model dives
into a safety net. The model spin data obtained exe converted %y
methods described In reference 1 to represent values of the
corresponding f@l-sceJ.e airplane.

-~ tiCCOT’dLl?100with StSlik’d spin-tunnel procedure, tests were
performed to determine the sptn and recovery characteristics of
the model for the normal spinning control configuration (elevator
full up, ailerons neutral, and rudder full with the spin) and for
various other ailercm-elevator combinations Including neut~al and
msxlmum settings of the control surfaces. Recovery was generally
attempted by rapid reversal of the rudder from f@3. with to full
against the spin. Tests were also performed to evaluate the

‘ possible adverse effects on recovery of small deviations from the
normal control.configurationfor spinning. Such deviations are
often inadvertently encountered.in spinning airplanes and are
simulated in model tests in ol~er to define more completely the
eptn and recovery characteristics.of a gtven desi”~. Accordingly,
tests were made on the pres?nt model with the elevator set at
two-thirds of its full-up deflection and the ailerons pet et~her
at one-third of fuU deflection with the Spir”[stick right in a
right spin) or one-third ofl.fulldeflection against the spin.
Recoveries from spins obtained at these two controz configurations
were attempted by rapidly reversing the rudder from full with to
only two-thirds against the spin; the ccnfigurati.onthat gave the
slower recoveries is referred to as the llcriterionspin.ll spin-
tunnelmperience has resulted in the ~equirement that for a model
to be ccmeidered satisfactory with regards spin recove~, the model

must recover from the criterim spin in ~ turns or less.

Turns for recovery are measured f~’omthe time the controls are
moved to the time the spin “rotationceases. For recovery attempts
in which the model struck the safety net %efore recovery could.be
ei’fected%ecawe.of the wendering motion of the model, or because
Of en un.usudly high raw-of deecent, the number of turns from the
time the controls were moved to the the the model stmck the
safetY net were recorded. l%ie number indicated that the model

n



required more turns to recover from the spin than are shown, for
example, greater than 3 (>3). A recovery reqtirinz more than
3 turns, however, does not necessarily indicate en improvement
when compared with a recovery requiring more than 7 turns. From
certain spins with ve~ high rates of descent, recovery attempts
were made before the model hafilost all the rotational energy
imparted to it when launched in the air stream. Such recovery data
are noted in the charts as “recovery attempted before model reached
Its fi@ steeper attitude.” Recovery results so obtdned are
considered conservative; that is, the recoveries are somewhat
slower than those that would have been obtained had the model been
at its final steeper spin attitude.

Sideelip at the center of gravity of the airplane in the spin
may be determined from a consideration of the angles @ and u.
The inner wing (right wing in a right spin) must be downby an
amount greater than the helix angle for the stdeslip to be inward.

PRECISION

The spin results presented herein ewe belfeved to be the true
values given by the model within the f’ollowin~limits:

a, degrees. . . . . . . . . . . . . . . . . . ..,.: . . . . . *1
@degrees . . . . . . . . . . . . . . . . . . . . . . . . ..c. *I
V’,percent. . . .. ,’. ,. . ., . , . . . . . . .P . . . . . . +5
$1,percent.. . . . . . . . . . . . . . . . . . . . . . . . . . *3

!Mrns for recovery:
Obtained from moticn-picture records . . . . . . . . . . . ~ ~

Obtainedby visual estimate . . . . . . . . . . . . . . ..c*~

The preoeding HmitF may have leen exceeded for certain spins In
which it was difficult to control the model in the tunnel because of
the high rate of vertical descent or because of the wandering nature
of the spin.

Spin-tunnel experience indicates that spfn-tunnel-model results
are not always in ccmplete agreement with spin results of corre-
sponding airplanes. ~ generel, the models spin at a steeper angle
of attack, at a scmewhat higher rate or descent, md with 5° to 10°
more outward sideslip than do the airplenes. For a representative
group of models tested in the Langley E?O-footfree-sp$nning tunnel,
5.%was possible to predtct satisfactorily the corresponding airplane
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recovery
about 10

characteristics of about &3 percent of the models. For
percent of the motels tested the recovery results were

consenatfve, and for 20 percent of the mciielsthe results were
scsnewhatoptimistic.

The accv.cy of measuring the weight and mass distmilmtion
of the model are believed to be within the following limits:

Weight, percent. . . . . . . . , . . . . . . . . . . . . . . . ~t
Center-of-gravity location, peroent 73 . . . . . . , . . . . .
Moments of inertia, percenti . . . . . . . . . . . . . . . . . ~’5

The controls were set with an accuracy of tl”.

‘TESTCONDITIONS

Spin tests of’the model were perfolmed for the confiitions
listed in table 1. Tn order to co%r a wide rsnge of mass distribu-
tion, tests were made in which en appreciable smount of the mass
along the wings was moved in toward the fuselage, in addition to
tests made at the baeic loading fcr which the distribution of mass
was relatively heavy along the wings. The mass ptismeters for the
loadings tested on the mdel and the corresponding full-scale mass “
characteristics are.given in table II. The basic loading corresponds
to the basic loadimg used in the original.test program of the model, .

,.
When the wings.of the model were swept back, the model was

reballasted to obtain velues of weight! center-of-gravity l.ocatlon,
and moments of inertia approxj,matelythe seineas those for the model

4

with the unswept wing. The decrease in wing spti associated with
sweeping the Wngs back resvlted in q change in aspect ratio from
5,51 to 3.80. As can be noted in table 11, the nondimensio~ mass
parameters also varied some~at because of the chan~e In wing span.
In order to compensate for the increase in the negative value of
the inertia yawing+mnent pe,r~ter amociated with’sweeping the
wings back 40°, tests were also made with mass exte&ed along,the
wlnge. These tests were made with the revised tail installed.

Table XII lists values of tail-dmping power factors for the
original-tail configuration end for the revised-tail configuration
in which the horizontal tail was raised 12.5 inches and ~oved
forward 2X inches (full scale); these taU-demping power factors,
which give en indication of the effectj.ye.nssqof the tall design in
effecting recoveries, were computed by the metinod”~scribed in
reference 2.

.

,

n
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Full-scale dimensional characteristics of the
are given in table IV. The InePtla parameters for
tested have been plotted in ffgure ~, whfch may be
predicting the relative effects of controls on the
characteristics of the model.(reference 3).

7

airplane represented
the loadin~s
used as an aid in
spin and recovery

The maximum control deflections used.in the tests were as
follows:

Rudder, degrees
Right . . . . .
Left . . . . .

Elevator, de~es
up . . ● , ● .
Down . . . . ,

Ailerons, degrees
up . . . . . .
Down . . . .?

~termediate

,. —.

.**.. ● ✎✎✎☛ ✎✌✎☛✌ ● ✎☛✎✎ ✎✍✌✎✌✎ 28.
● . . ● ● , . . . . . ● . ● . * . ● . . . ..”,; “.. 2a

. ...0. . . . . . . .,,,. ,..,,. . . . 30
● . .. ● , . * . . ● . ● .. , ● ● ● ● “*. . ● . . .20
. .
● ✎ ● ✎ ● ✎ ✎☛✎ ✎ ✎ ✎ ✎ ● ✎ ✎ ● ✎ ✎ ✎ ✎ ● ✎ ✎ ✎ ✎ ✎ 13. ,.. . . . . . , ● . . ● ● . , . ● “; ● ● . , . .“ “. . 13

oontrol deflec%icne used’were “asfollows:

Rudder deflected,2/3 against, degrees . . . .“. . . . i’; . 18$ left
3

Elevator deflected 2/3 up, dqgree,s . . . . . : : . ‘*-.:.x. s m up
Ailerons 1/3 deflected, degrees “
up . . ● . . . . . , , . . , . .* :. . ... . . . . . . . . , 4$

Down . , , , . . . . . . . , , . , ● ● . . . . ,0 , . * . . ●
4+

RXSJLTS AND DISCUSSION”

The results of the tests are present~ in charts 1 ta 8. Because
right and left spins end recoveries “therefrcmwere towd to be
simils~ @nly the results of the right spins are presented. The model
data.are presented in terms of full-scale airplane values at en
altitude of 15,000 feet. When the wings were swept back, the
associated change in wing spen led.,tocor.respondi~ ch~es in
aspect ratio, tail-demplng &wer factor, relative density, and
inertia perimeters. Proper evaluation of the effects of the changes
tn each of the~e nondmnsion~ pnmeters can not at pr?pent be
made ● .

With the original tall installed on the model, there was an
appreciable favorable effect on spin recoveries of sweeping the
WiIl~S back ~“. Restits are presented for the basic loadlng in
chart 1 for the unswept wing end in chart 2 for the swept-back wing,
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For the swept-back-wingconfiguration the spins were generally
steeper; and although recoveries were not considered completely
satisfactory, they were nevertheless much faster than for the
configuration with unswept wings. Ih general, the largest effects
were obtained f’orthe elevator-up and aileron-with spine.

The favorable effect of sweeping the wings beck was aleo
obtained for the loading with Ix end IZ decreased 5CIpercent
of rx, as can be seen by a comparison of results in charts 3
and 4. For this Ioadfng, however, the favorable effect of WeePin6
the wings back h(l”was not so pronounced, the favorable effect
%eing obtafned generally only for,elevator-up spins. M.leron-with
settings led to very steep spins end rapid recoveries for both
wing configurations, as might be expected for a loading for which
the mass is distributed heavily &long the fuselago (reference 3).

With the revised tail installed on the model, there were no
appreciable effects on the spin or recove~ of eweepi~ the wing
hack &O”. A comparison of charts 5 emd 6 indicates satisfactory
recovery characteristics for both the umswept wing and for the
~“ swept-back wing for the baste-loadlng condition.

Results of tests made with Ix and ~, decreased 50 percent
of Ix with the revised tail and with the wings swept back ~“
(chart 7) were generally similar to those obtained for the ccn?re-
sponding configuration when the model was in ite hasfc loading.
There was, however, a more pronounced aileran effect, particularly
when the elevator-.was,neutraLor down”. Aileron-with settings
generally led to eteep spins end fast recoveries, whereas aileron-
againat settings led to flatter spins and,slow recoveries.

Results of tests made wfth Ix and IZ increased 20 percent
of Ix with the revised tail installed and the wings ewept back
40° are presented in chart 8 and are generally similar to those
obtained for the corresponding tests at the basic loading.

The effect of changing the tip shape on the swept-back wing
was investigated with the revised tail installed on the model for
the basic loading; for these tests, wing tips 1 (5eQ fig. 1) were
installed on the model. Results of the tests indicated little
effect on the spin and recove~ characteristic and, therefore,
are not presented in chart form.

.

.

n
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The following concluding remarks axe based on the results of
free-sptnnin~tunnel tests of a model of a typical fighten-t~e
airplane with 0° and with 40° sweepback in the wings:

1. Sweeping the wings back 40° on the model with a tall design
considered unsatisfactory as regards spin recovery improved the
recovery characteristics appreciably.

2. Sweeping the wings back 40° on the model with a tail design
considered satisfactory as regsrds spin recovery had little effect
on the recovery characteristics.

3. .Ther~covwry characteristics ot the model with the swep~
back wing were essentially the smne for either of the two wi~tip
shapes tested.

Langley Memorial Aeronautical Laboratory
Naticnal Advisory Committee for Aeronautics

Langley Field, Qa., Jsnuary 2, 1947
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TAEILE III.- TAIL-- POWER I?ACJWRS

m CommIolis !cE31?dm MODEL

Tail Tail-damping
Unshielded

Whlg milder volma Teil+mplng

configuration Iatlo Cmefflclent pomr factor

0° mmepbaok Ori@ml 0.0190 0.00759 144 x 10-6

Horizontal
tail raised

Do----- 12.5 Indwl
and mti

.0460 .02120 979

forward
20 hlchea

ko” mmepbaok Original .0280 .Oo!lm “ 257

Horizontal
tail ralead

Do----- 12.5 Inohee
end moved

.06Fil .0257 1’?50

forward
20 lncheB

ImTmlwl mvmm
cmuTTKE m AERoNAm?Ics
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TABLE N. - DIMENSIONAL CEARACTERLSTICS OF TYPICAL FIG3TER-TYPE

AIRPLANE REPRESENTED IN MODEL TESTS

0° ewept-baokwing.

Wing:
Span, ft . . . . . . . . . . . . . . . . . . . . . . .. J+2.~
Area si ft . . . . . . . . . . . . . . . . . . . .
Incl&nce . . . . . . . . . . . . . . . W@mfemn&~~&~

parallel to thrmt
line at root

Aepect ratio . . . . . . . . . . . . . . . . . . . ...5.51
Dihedral ofuing, deg... . . . . . . . . . . . ...6
Meenaerodynaulc chord, in. . . . . . . . . . . . . .. *.4
Leadingedgeofmean.aerodynam~cohordrearwerdof

leadlng edge of root ahoti, in. . . . . . . . . . . . 6.46

Ailerons:
Inboexd chord rearwaM of hinge llne,
Peroent.ofwlng chord . .’. . . . . . . . . . . . .

Outlmard ohoml rearward of hinge lfne,
~rcent”of wing chord. . . . . . . . . . . . . . . .

Area re~ of hinge Une,
Percent ofwlng area.... . . . . . . . . . . . .

Spanjpercent ofwingepan. . . . . . . . . . . . . .

Horizontal tall surfacee:
Total area, sift..... . . . . . . . . . . . . .
Spen, ft . . . . . . . . . . . . . . . . . . . . . . .
Total elevator area, aqf% . . . . . . . . . . . . . .
Dletenae from aenter of gravity (for baelo
loading) to elevatorhinge Ilne, ft . . . . . . , . .

Vetiioal tail surfaoee:
Total area, eq ft..... . . . . . . . . . . . . .
Total rudder area, sq ft... . . . . . . . . . . . .
Dtdance from oenter of gravity (for Baelc
loadlng) ixirudderhinge llne, ft . . . . . . . . . .

Over-all length, ft..... . . . . . . . . . . . . .

14.07

19.40

8.62
39.4

’55.0
16.0
22.0

22.5

25.8
11.9

22.7

36.1

40° swept-baokwing

35.0
3*.2

Wing referenceplane
parallel to thruet

llne at root ‘
3.:

117.4

14.07

19.40

8.62
39.4

55.0
16.0
22.()

22.5

25.8
11.9

22.7

36.1

,

NATIONAL ADVISORY
CCWITTEE FOR AERONA~CS
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CHART l.- SPIN AND RECOVERY CHARACTERISTICS OF MODEL WITH
0° SWEPT-BACK ~G AND OFUG~hL TAIL

l-la

?; %
4J ~: E %,

22g 0.50~.Ailerons full agalmt 235 0.50 ,Allsmn# fi 11 with 245 0.51
(stick left ) (Stlok right)

7$,g 7$,e! ~, 10

FI ,fl .:.=.::.F!
aReoovery attempted by rapid reversal of

Average or

H

+

rangeof (d:gl ldeg~
rudder from full with to 2/3 againnt
the 6PIn.

model values .glveni v n
converted to (fpn ) (rps 1
corresponding
full-scale values.
U inner wing UP Turns for
D inner wing down recovery
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CHART 2.- SPIN AND RECOVERY GWLRACT’ERJSTlC9OF MODEL WITH 4008WEPT-BACK
WUfG, WING TIPS 2 INSTALLED, AND ORIGINAL TAIL

[&tslc loading for 400 swept-tack wing (loading point 140 in table H end fig. 5 ); recovery attampt.al by rapid
full rudder reversal except es indicated (recovery attempted from, d steady-win data presented for,
rudder-full-with spine); right erect spins~

J-2
rul

-L.-
&
s
:
G’

Two types of epinEl3200.39

-
I I 1

Two typemof epin
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NACA TN No. 1256 Chart 3

CEART S.- SPIN AND-RECOVERY CHARACTERISTICS OF MODEL WITH 0°SWEPT-RACK WING,
OIUGRWAL T- AND RELATIVE MASS DBTKBUTI ON DECREASED ALONG WINGS
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Chart 4 NACA TN NO. 1256

CHART 4.- SPIN AND RECOVERY CXAR4CTERISTICS OF MODEL WITH 40°SWEPT-EACK WING,
WING ‘I!tPS 2 INSTALLED, ORIG~AL TAIL,AND RELATIVE MASS DJSTR3BUTION
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CHART 5.- SPIN AND RECOVERY CHARACTERISTICSOF MODEL WITH 0° SWEPT-BACK
WING AI?DREVISED TAIL

Chart 5
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Chart 6 NACA TN No. 1256

CKART &- SPIN AND RECOVERY C!HAIWCTERISTI(XOF MODEL WllII4& SWEPT-BACK WING,
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,.
~ic loadingfor40°swept-tackwing(loadingpofnt140intableII‘andfig.~);recove”ryattemptedbyrapid

fullrsdderreversalexceptas indfcated(recoveryattemp~ frOIn,andsteady-spindatapresentedfor,
rudder-full-withspha);righterect spir@

H
44 9’
35 3U ~

&
295o.3g :

a$’ a+ Ii

45
40 2U

Ailerons 1/3 against
2910.42

blb
1~, 2

9

,@

47 4U
.~ 41 3D

: 21!J4.40

:

a
1*, al+

47 3U
39 2D

Aileronn 1/3 with
291 0.42 -

blbl
1~, 12

‘g % 46
37 ::

Ailerons full againet Ailerons full with
224 0.50“ (Stiok left) 2& 0.51 ~ 2W! 0.52

0101
1~, 15 1*, 1+

I

u1$, 1$

PI
42 9U
35 5D

2g4 0.52

Id
3lq, 1

@

42 3U
35 3D

2N! o.

‘1$, ‘1$

NATIONAL ADVISORY

COMMITTEE FOR AEFWKITICS

~ReooverS in ereot dlVe.

%leoovery attempted by rapl.5rudder re.eraal
Average or

from full with to 2/3 against the spin.
range of

%odel recovers in a steep dive.
model values given;
converted to

dModel r eoovers in inverted attitude. corresponding
esteep epin. full-scale valueo.
f~oovery attempte~ before model rbaohed ite # ~~~~~ z~~~ ~~wn

final steeper attitude.—

Tio types of ●pln
e

El
IA

{d:a ) ldeg}

v Cl
lfps) (rpa)

I Turns for

recovery I

a

—

L

—

‘Vir.ualeati~te.



NACA

[%

TN NO. 1256 chart

CHART 7.- &PIN AND RECOVERY CHARACTER12TTCS OF MODEL WTI!E40°SWEPT-BACK ~,
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Chart 8 NACA TN No. 1256

CHART 8.- SPIN AND RECOVERY CHARACTERIW.ICS OF MODEL WITH 40° SWEPT-EACK WING,
WING TIPS 2 INSTALLED, REVISED TAIL, AND RJ31ATIVE MASS DISTRJWTION

INCR3A9ED ALONG WINGS
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NACA TN No. 1266 Fig. 1
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NACA TN NO. 1256 Fig. 2

Figure 2.- Photographs of the model with the 0° swept-back wing (top)
and of the model with tQe 40° swept-back wing (bottom).



NACA TN No. 1256 Fig. 3

F5gure 3.- Photograph of the model with the 40° swept-back wing
spinning in the La@ey 20-foot free-spinning tunnel.
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